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doi:10.1016/j.pedneo.2011.05.004Background: To study the influence of clinical audit on diagnosis, complications, and factors
contributing to hospitalization of patients with infantile hypertrophic pyloric stenosis.
Study Design: Retrospective cohort study.
Method: There were 214 patients from 1991 to 2004 from three medical centers in Kaohsiung.
Data were analyzed with respect to diagnostic methods, complications, and factors requiring
patient hospitalization.
Results: The ratio of male to female was 4.8:1 (177 males and 37 females). The diagnoses
before admission were as follows: 22% had milk intolerance and 14.5% had esophageal reflux.
There was a significant increase in the use of sonogram diagnostic test (pZ 0.005) and
a decrease in the incidence of diagnosis by olive mass palpation but not by barium meal test.
Surgery time of 48 hours after admission was significant with barium meal examination and
related to longer hospital stay (p< 0.001). Weight gain less than 800 g before admission
(nZ 125) was related to longer hospital stay (pZ 0.026).of Pediatrics, Kaohsiung Chang Gung Memorial Hospital, 123, Ta-Pai Road, Kaohsiung, Taiwan.
.org.tw, pc006581@yahoo.com.tw (M.-M. Tiao).
an Pediatric Association. Published by Elsevier Taiwan LLC. All rights reserved.
204 K.-S. Tang et alConclusion: The diagnostic method was changed from olive mass palpation to sonogram.
Weight gain less than 800 g before admission and surgery time of 48 hours after admission were
related to longer hospital stay.
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reserved.Figure 1 The trend of the new patients by year was not
different (pZ 0.316), but there was an increasing though not
significant trend in preterm patients by year (pZ 0.081).1. Introduction
Infantile hypertrophic pyloric stenosis (IHPS) is the most
common condition requiring surgical intervention in early
infancy, affecting 2.5e3 of every 1000 live births.1e8 It is
characterized by hypertrophy of the pyloric circular
muscle, causing gastric outlet obstruction.1e4 The method
of diagnosis of IHPS is an area of debate. Increasingly,
diagnostic imaging modalities, such as ultrasound and
barium meal, have usurped the role of clinical diagnosis.8
Also, there are continuing efforts to reduce waiting for
operation and hospital stay.9
This study of IHPS completed a 14-year clinical series in
the pediatric departments of three large teaching hospi-
tals. We concentrated on the influence of clinical audit on
diagnosis, waiting for operation, complications, and factors
contributing to hospital stay.10
2. Patients and Methods
Patients who were diagnosed to have IHPS between 1991
and 2004 were enrolled: 130 in Kaohsiung Chang Gung
Memorial Hospital, 54 in Kaohsiung Medical University
Hospital, and 30 in Kaohsiung Veterans General Hospital.
Data included sex, birth rank, family history, age at onset of
symptoms, duration of symptoms, age at time of admission,
electrolyte values, diagnostic methods, time from admis-
sion until operation, postoperative vomiting, complica-
tions, and length of hospital stay. Preterm was defined as
less than 37 weeks’ gestational age.
Data were expressed as mean standard deviation or
median (range). The significance of differences among
continuous variables was tested using the Mann-Whitney U
test. The difference in seasonal distribution was measured
using c2 test. A linear time trend analysis was performed to
analyze the change of annual patients over years, hospital
stay with the weight gain, admission weight, birth weight,
and blood level. Statistical analyses were performed using
the SPSS (version 10) software package (SPSS Inc., Chicago,
IL, USA). A p value less than 0.05 was considered statisti-
cally significant. The study was approved by the Ethics and
Clinical Research Committee of the Chang Gung Memorial
Hospital.
3. Results
There were 15.3 patients per year on average. There were
177 males (male:female ratio, 4.78:1). The trend of the
patients by year (pZ 0.316) and preterms by year
(pZ 0.081) in Kaohsiung are shown in Figure 1. 49.5%
(nZ 106) were first-born patients, 39.5% (nZ 84) were
second born, 11% (nZ 23) were third born, and 0.5% (nZ 1)were fourth born. The rate of a positive family history of
IHPS was 2.3%. There were five sets of twins, with only one
of the pairs (males) being affected. Birth weight was
3138.0 444.1 g (900e4450 g), admission weight was
3851.9 699.7 g (1900e5700 g), and the weight gain before
admission was 714 639 g (562 to 3050 g). The ratio of
preterm births was 16.8% (nZ 36). The preterm patients
did not have a longer interval from birth to onset of
symptoms compared with the patients born at term
(27.9 17.6 days vs. 24.7 13.9 days, pZ 0.237).
The diagnoses before admission were as follows: 31
patients (14.5%) with esophageal reflux, 47 patients (22.0%)
with milk intolerance, 20 patients (9.3%) with acute
gastroenteritis, 6 patients with otitis media, and 110 sus-
pected patients referred for definite diagnosis (51.4%).
Throughout the series, age of symptom onset was 25.2 days
(1e90 days). The ages at diagnosis were 40.5 days (4e135
days) that included 4e13 days (1.4%), 14e35 days (47.7%),
36e60 days (43.9%), and 61e135 days (7%). Preterm birth
(nZ 36) did not lengthen the number of diagnostic days
(pZ 0.371) (Table 1).
Overall, the diagnosis of IHPS was made by sonogram in
197 patients (92%), including 183 patients with one exami-
nation and 14 patients (6.5%) needing a second sonogram
study. Seventy-eight patients (36.4%) received barium
meal. There was diagnosis by olive mass palpation in 72
patients (33.6%) (Table 1 and Figure 2). Among 17 patients
who missed ultrasound, there were nine (52.9%) demon-
strated by olive mass palpation. In 142 olive mass unpalp-
able patients, 134 (94.4%) could be easily diagnosed by
ultrasound (Figure 2). During the 14-year study period,
there was a significant increase in the use of sonogram
diagnostic test (pZ 0.005) but not in the use of olive mass
palpation (pZ 0.082) or barium meal (pZ 0.105) diag-
nostic tests (Figure 3).
Table 1 Factors associated with diagnostic days after
symptom onset
Diagnostic factors Patients Diagnostic days p
Sonogram
þ 197 15.5 14.6 0.115
 17 9.8 8.0
Barium meal
þ 78 15.2 14.5 0.890
Not done 136 14.9 12.9
Preterm
þ 36 13.3 13.6 0.371
 178 15.6 14.2
Coffee ground vomiting
þ 25 21.0 19.0 0.030*
 189 14.5 13.2
Metabolic alkalosis
þ 64 20.4 14.7 <0.001*
 150 13.0 13.3
Jaundice
þ 22 9.1 7.1 0.030*
 192 15.9 14.6
Lower serum chloride (<90 mmol/L)
þ 57 18.8 13.1 0.024*
 157 13.9 14.3
Lower serum chloride (<85 mmol/L)
þ 39 21.6 14.3 0.002*
 175 13.8 13.7
* Significant difference.
þ Z positive finding;  Z negative finding.
Figure 3 During the 14-year study period, there was an
increase in the use of sonogram diagnostic test, with
yZ 0.552xþ 8.791, R2Z 0.3106 (pZ 0.005), but not in the use
of olive mass palpation test, with yZ0.3341xþ 7.6484,
R2Z 0.2314 (pZ 0.082), or in the use of barium meal test,
with yZ0.306xþ 7.6484, R2Z 0.2492 (pZ 0.105).
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day was most common before operation (169 of 214). The
ratio of persistent vomiting more than 3 days to more than
three times per day was 110:214. The other common
complications before operation are listed in Table 2.Figure 2 The patients of infantile hypertrophic pyloric
stenosis diagnosed by different methods.Delayed diagnosis had more complications, including coffee
ground vomiting, metabolic alkalosis, and lower serum
chloride (<90 mmol/L) (Table 1).
The duration of hospital stay was 6.3 2.9 days. Body
weight loss was found in 78 patients (36.4%). The hospital
stay was related to the weight gain from birth to the time of
admission (rZ0.28, pZ 0.003), but was not related to
the birth weight (rZ0.103, pZ 0.109) or diagnostic age
(rZ 0.032, pZ 0.185). The hospital stay was not affected
by the symptoms of complications before operation (Table
2). Preterm infants did not have a longer hospital stay
(pZ 0.411). Weight gain less than 800 g before admission
was related to a longer hospital stay (pZ 0.026) and longer
postoperative hospital stay (pZ 0.013) (Tables 2 and 3).
Dehydration led to a longer preoperative hospital stay
(2.7 0.9 days vs. 2.5 0.8 days, pZ 0.05). Postoperative
persistent vomiting (more than 3 times per day) led to
a longer postoperative hospital stay (rZ 0.139, pZ 0.045)
and a risk of postoperative hospital stay of more than 5 days
(odds ratioZ 2.53, 95% confidence intervalZ 1.01e6.41,
pZ 0.045). Postoperative hospital stay and preoperative
hospital stay were not affected by the other symptoms of
complications before operation (data not shown).
Patients with time of surgery within 24 hours after
admission numbered 15 (7%); between 24 hours and 48
hours, 104 (48.6%); and between 48 hours and 72 hours, 70
(32.7%) (Figure 4). Surgery time longer than 48 hours after
admission was significant with barium meal examination
(49/95 vs. 29/119, odds ratioZ 3.3, 95% confidence inter-
valZ 1.9e5.9, p< 0.001) but not with sonogram (84/95 vs.
113/119, pZ 0.181) or olive mass palpation diagnosis (32/
95 vs. 40/119, pZ 0.999). Surgery time longer than 48
hours after admission was related to prolonged hospital
stay (7.8 3.3 days vs. 5.1 1.9 days, p< 0.001).
Postoperation complications with minimal perforation
occurred in two patients (0.9%), one in 1997 and one in
2004. The complication of vomiting on the day of operation
was noted in 212 patients (99.1%), whereas persistent
vomiting more than 3 days after operation occurred in 20
patients (9.3%). There was wound infection in three (1.4%),
one in 1995, one in 1999, and one in 2000.
Table 2 Factors associated with hospital stay
Hospital stay factors Patients Hospital stay days p
Persistent vomiting*
þ 110 6.4 2.9 0.523
 104 6.1 3.0
Jaundice
þ 22 6.1 2.5 0.709
 192 6.3 3.0
Coffee ground vomiting
þ 25 6.3 2.7 0.923
 189 6.3 3.0
Olive palpable
þ 72 6.4 2.6 0.737
 142 6.2 3.1
Dehydration
þ 150 6.0 2.8 0.084
 64 6.8 3.2
Alkalosis
þ 64 6.3 2.9 0.998
 150 6.3 2.9
Serum chloride <85 mmol/L
þ 39 6.1 2.6 0.745
 175 6.3 3.0
Serum chloride <90 mmol/L
þ 57 6.4 2.6 0.68
 157 6.2 3.1
Weight loss to birth weight
þ 22 7.5 4.0 0.129
 192 6.1 2.8
Weight gain <800 g
þ 125 6.6 3.0 0.026y
 89 5.7 2.7
Preterm
þ 18 5.7 3.3 0.411
 196 6.3 2.9
Barium meal
þ 78 7.6 3.5 <0.001
Not done 136 5.5 2.2
* Vomiting more than 3 days and more than 3 times per day;
y Significant difference.
þ Z positive finding;  Z negative finding.
Table 3 The factors associated with postoperative
hospital stay
Factors Patients Postoperative hospital
stay days
p
Weight gain <800 g
þ 125 4.1 2.5 0.013*
 89 3.2 2.4
Postoperative vomitingy
þ 20 5.6 4.0 0.213
 194 3.7 2.4
* Significant difference;
y Vomiting more than 3 days after operation.
þ Z positive finding;  Z negative finding.
Figure 4 During the 14-year study period, there was
a decreasing but not significant trend of the patients,
percentage, and the operation time within 24 hours after
admission by years, with yZ0.6967xþ 12.297, R2Z 0.2153
(pZ 0.095); within 24e48 hours, with yZ 1.8703xþ 34.615,
R2Z 0.3423 (pZ 0.270); and within 48e72 hours, with
yZ1.411xþ 43.868, R2Z 0.113 (pZ 0.661).
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This study of 214 patients with IHPS concentrated on the
influence of clinical diagnosis, complications, and factors
related to diagnostic days or hospital stay.11 Many results,
such as the male-to-female ratio, percentage of first-born
patients, positive family history, and age of symptom onset,
are similar to those of other studies.9,10,12 Our study shows
no familial link or a hereditary propensity to the develop-
ment of IHPS, which is counter to the findings of Velaoras
et al.13 The mean diagnostic age was 40.5 days, and 47.4%
of patients were diagnosed between 2 weeks and 5 weeks
after admission. Diagnosis depending solely on the age is
not reliable, as mentioned in the literature1e4; 15 patients
were older than 60 days, including one who was 120 days
old and one who was 135 days old. The implication of this is
that the infant with IHPS remains asymptomatic until
a certain critical degree of hypertrophy at which the pyloric
canal becomes obstructed.13,14
Although there may be some benefit from earlier
confirmation of IHPS,11 there were 53.3% of patients in our
study who were undiagnosed before referral. The diagnosis
of IHPS is based on a history of projectile, nonbilious
vomiting and palpation of a pyloric tumor in infants
between 2 weeks and 5 weeks of age.1e4 In infants without
dehydration or lost weight, pyloric swelling cannot be
palpated easily.11 Van der Schouw et al15 reported that in
IHPS without the palpable mass, sonography was not
perfect in 57% of their group compared with 5.6% in our
group. More recently, the reliance on clinical diagnosis has
been overtaken by the use of ultrasound. In a previous
study, the diagnosis of IHPS was made clinically in 92.6% of
patients, of whom 36% had an ultrasound and 24% had
a barium meal.10 In our study, patients diagnosed with
a palpable olive mass decreased to 32.7%. The use of
ultrasound as a diagnostic test increased significantly to
92%. This trend continued throughout the series, and
ultrasound is recommended as the investigation of choice
with greater reliance.16e18
Infantile hypertrophic pyloric stenosis 207It was previously reported that postoperative vomiting is
the main cause for a delay in hospital discharge.19,20 In our
study, postoperative vomiting led to increased hospital
stay, especially longer postoperative hospital stay (more
than 5 days). We also showed that the hospital stay, espe-
cially preoperative hospital stay, was longer in patients
with weight gain less than 800 g before admission.12,21
In conclusion, IHPS should be considered even in those
patients initially diagnosed with esophageal reflux or gastro-
enteritis.Ultrasoundplays an increasingand important role in
the management of IHPS. Weight gain less than 800 g before
admission was related to longer hospital stay.Acknowledgment
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